

SECTION 26 05 00

BASIC ELECTRICAL MATERIALS AND METHODS


PART 1 – GENERAL

1.1	SECTION INCLUDES

Materials, equipment fabrication, installation and tests in conformity with applicable codes and authorities having jurisdiction, for the following:
A Conduit and raceways
B Wire and cables
C Outlet boxes
D Junction boxes
E Pull boxes
F Grounding

1.2	RELATED WORK SPECIFIED ELSEWHERE

A Division 1
1 Section 013000: Administrative Requirements
2 Section 013300: Submittal Procedures
3 Section 014000: Quality Requirements
4 Section 016000: Product Requirements
5 Section 017000: Execution and Closeout Requirements
6 All other included sections under Division 1
B All included sections under Division 26
C All included sections under Division 27
D All included sections under Division 28
E Plans
F Manufacturers’ manuals, product bulletins, etc.

1.3	REFERENCE STANDARDS AND CODES

Published specification standards, tests or recommended methods of trade, industry or government organizations apply to work in this section as cited in Section 260000.
A American Society for Testing and Materials
1 ASTM B3: Standard Specification for Soft or Annealed Copper Wire
2 ASTM B33: Standard Specification for Tin-Coated or Annealed Copper Wire for Electrical Purposes
3 ASTM B738: Standard Specification for Fine-Wire Bunch-Stranded and Rope-Lay Bunch-Stranded Copper Conductors for Use as Electrical Conductors
4 ASTM B355: Standard Specification for Nickel-Coated, Soft or Annealed Copper Wire
5 ASTM D412: Standard Test Methods for Vulcanized Rubber and Thermoplastic Elastomers—Tension
B California Electrical Code (CEC)
C [bookmark: _GoBack]Institute of Electrical and Electronic Engineers (IEEE)
1 IEEE 81: Guide for Measuring Earth Resistivity, Ground Impedance, and Earth Surface Potentials of a Ground System Part 1: Normal Measurements
2 IEEE 82: Standard Test Procedure for Impulse Voltage Tests on Insulated Conductors
3 IEEE 95: Standard Test Procedure for Impulse Voltage Tests on Insulated Conductors
4 IEEE 141: Recommended Practice for Electric Power Distribution for Industrial Plants
5 IEEE 142: IEEE Recommended Practice for Grounding of Industrial and Commercial Power Systems
6 IEEE 241: Recommended Practice for Electric Power Systems in Commercial Buildings
7 IEEE 242: Recommended Practice for Protection and Coordination of Industrial and Commercial Power Systems (IEEE Buff Book)
8 IEEE 399: Recommended Practice for Industrial and Commercial Power Systems Analysis (Brown Book)
9 IEEE 442: Guide for Soil Thermal Resistivity Measurements
10 IEEE 576: Recommended Practice for Installation, Termination, and Testing of Insulated Power Cable as Used in Industrial and Commercial Applications
11 IEEE 1185: Recommended Practice for Cable Installation in Generating Stations and Industrial Facilities
12 IEEE 1584: Guide for Performing Arc Flash Hazard Calculations
13 IEEE 1584a: Guide for Performing Arc-Flash Hazard Calculations--Amendment 1
14 IEEE 1584b: Guide for Performing Arc-Flash Hazard Calculations--Amendment 2: Changes to Clause 4
D Underwriters’ Laboratories
1 UL 1: Flexible Metal Conduits
2 UL 4: Armored Cable
3 UL 6: Electrical Rigid Metal Conduit – Steel
4 UL 13: Power Limited Circuit Cables
5 UL 83: Thermoplastic Insulated Wires and Cables
6 UL 310: Electrical Quick-connect Terminals
7 UL 360: Liquid Tight Flexible Steel Conduit
8 UL 444: Communications Cables
9 UL 467: Grounding and Bonding Equipment
10 UL 486A: Wire Connectors
11 UL 486B: Wire Connectors
12 UL 486C: Splicing Wire Connectors
13 UL 486D: Sealed Wire Connector Systems
14 UL 486E: Equipment Wiring Terminals for Use with Aluminum and/or Copper Conductors
15 UL 493: Thermoplastic Insulated Underground Feeder and Branch Circuit Cables
16 UL 510: Polyvinyl Chloride, Polyethylene, and Rubber Insulating Tape
17 UL 514A: Metallic Outlet Boxes
18 UL 514B: Conduit, Tubing, and Cable Fittings
19 UL 514C: Nonmetallic Outlet Boxes, Flush-device Boxes, and Covers
20 UL 514D: Cover Plates for Flush-mounted Wiring Devices
21 UL 568: Nonmetallic Cable Tray System
22 UL 635: Insulating Bushings
23 UL 651: Schedule 40, 80, Type EB and A Rigid PVC Conduit and Fittings
24 UL 797: Electrical Metallic Tubing – Steel
25 UL 854: Service Entrance Cables
26 UL 870: Wireways, Auxiliary Gutters, and Associated Fittings
27 UL 969: Marking and Labeling Systems
28 UL 1242: Standard for Electrical Intermediate Metal Conduit - Steel
29 UL 1332: Organic Coatings for Steel Enclosures for Outdoor Use Electrical Equipment
30 UL 1446: Systems of Insulating Materials – General
31 UL 1479: Fire Tests of Through Penetration Firestops
32 UL 1565: Position Devices (includes cable ties and clamps)
33 UL 1581: Reference Standard for Electrical Wires, Cables, and Flexible Cords
34 UL 1652: Flexible Metallic Tubing
35 UL 1685: Vertical-tray Fire Propagation and Smoke Release Test for Electrical and Optical Fiber Cables
36 UL 1773: Standard for Termination Boxes
37 UL 1977: Component Connectors for Use in Data, Signal, Control, and Power Applications
38 UL 2024: Standard for Signaling, Optical Fiber and Communications Raceways and Cable Routing Assemblies
39 UL 2196: Test for Fire Resistive Cables
40 UL 2239: Hardware for the Support of Conduit, Tubing, and Cable
41 UL 2256: Nonmetallic Sheathed Cable Interconnects
42 UL 2257: Identification Tests for Jacket and Insulation Materials Used in Plenum Cables
43 UL 2277: Flexible Motor Supply Cable and Wind Turbine Tray Cable
44 UL 2459: Insulated Multi-pole Splicing Wire Connectors
45 UL 2556: Wire and Cable Test Methods

1.4	QUALITY ASSURANCE

A Equipment and accessories shall be the product of a manufacturer regularly engaged in its manufacture.
B Supply equipment and accessories new, free from defects.
C Equipment and accessories in compliance with the applicable standards listed in Article 1.3 of this section and with applicable national, state and local codes.
D Items of a given type shall be the products of the same manufacturer.
E Deliver, store and protect products under provisions of Section 016000.
F Ship equipment in its original packages, to prevent damaging or entrance of foreign matter.  Perform handling and shipping in accordance with manufacturer's recommendations.  Provide protective covering during construction.
G Replace at no expense to Owner, equipment or material damaged during storage or handling, as directed by the Owner’s Representative.
H Tag items with a weatherproof tag identifying equipment by name and purchase order number.  Include packing and shipping lists.



1.5	SUBMITTALS

A Submit under provisions of Section 013000 or 013300.
B Submittals shall include the following:
1 Table of contents
2 A complete set of detailed manufacturer’s specifications describing and illustrating all standard and special components and materials
3 Part numbers
4 Evidence of compliance with the applicable standards listed under Article 1.3 of this section
5 Maintenance instructions and intervals
6 Calibration procedures and intervals
7 A complete set of drawings for any special items
8 Wiring diagrams
C Electronic submittals shall be searchable
D Seismic Restraint and Anchorage:  Provide complete seismic anchorage and bracing for the lateral and vertical support of conduit and electrical equipment in accordance with CBC, Title 24, Part 2, Section 1616A.1 and ASCE 7-10 Section 13.6, and all provisions of this Section.
1 Submit calculations prepared and signed by a Structural Engineer licensed in the State of California, showing compliance with the above for all electrical equipment weighing more than 50 pounds, excepting items corresponding exactly in configuration and weight to those specified and detailed.  Where anchorage details are not shown on drawings, the field installation shall be subject to the approval of the Owner’s Representative.
2 All equipment mounted on concrete shall be secured with post-installed concrete requiring a drilled hole.  Power driven anchors are not acceptable.  Minimum spacing shall be 10 diameter center to center and 5 diameters center to edge of concrete. Maximum allowable loads for tension and shear shall be as determined in compliance with ACI 318-14 Chapter 17 and the anchor’s ICC or IAPMO evaluation report.  Acceptable manufacturers are Hilti, Red Head, and Simpson Strong Tie.
3 Conduit and suspended equipment shall be provided with supports and seismic restraints in accordance with Unistrut, Inc. Seismic Bracing Guide, or Super Strut Inc., Seismic Restraint System guide.  Support requirements shall e based upon similar equipment; i.e., water piping as equivalent to conduit with wire fill. A copy of the guide shall be on the job site during construction.
E The submittal shall be substantially complete for all items and equipment furnished under this section.
F Individual drawings and data sheets submitted at random intervals will not be accepted for review.
G Substitutions:  Items of same function and performance shall be submitted in conformance with Division 1.

1.6	OPERATION AND MAINTENANCE MANUALS

A Submit operation and maintenance manuals in accordance with Section 260000.
B The manuals shall, at minimum, include the following:
1 Table of contents
2 Manufacturer (including contact information)
3 Model number
4 Voltage ratings
5 Current ratings
6 List of capabilities
7 Environmental ratings
8 NEMA enclosure type
9 Maintenance instructions and intervals
10 Calibration procedures and intervals
11 Installation instructions
12 Repair instructions (where applicable)
13 As-built drawings
C Provide manuals in one of the following formats
1 Three hardcopies
2 PDF


PART 2 – PRODUCTS

2.1	CONDUIT AND OTHER RACEWAYS

A Rigid Conduit, also referred to as Galvanized Rigid Steel Conduit (GRS)
1 Material: High strength steel
2 Coating
a All uses: hot-dipped galvanized
b Underground or corrosive areas
1 40-mil, UV stabilized PVC coated
2 Coating shall conform to NEMA RN-1
3 Fittings shall be threaded.
4 Conduit shall be UL-6 listed.
B Intermediate Metal Conduit (IMC) 
1 Material: Steel
2 Coating
a All uses: hot-dipped galvanized
b Underground or corrosive areas
1 40-mil, UV stabilized PVC coated
2 Coating shall conform to NEMA RN-1
3 Conduit shall be UL-1242 listed.
C Electrical Metallic Tubing (EMT)
1 Material: Steel
2 Coating
a All uses: hot-dipped galvanized
b Underground or corrosive areas
1 40-mil, UV stabilized PVC coated
2 Coating shall conform to NEMA RN-1
3 Fittings shall be threaded.
4 Connectors and couplings
a Water tight, steel compression type exterior and in wet locations. Use ETP Fittings InspectoRidge or approved equal when possible.
b Steel set screw type in interior, dry locations.
D Non-metallic conduit
1 Conduit shall be schedule 40 PVC (minimum)
2 Approved for use as non-metallic raceway with 90°C conductors
3 Comply with NEMA TC-2 and NEMA TC-3
E Flexible Metallic Conduit
1 Material: High strength, hot-dipped galvanized steel
2 Construction: Interlocked
3 Conduits in damp, wet, or corrosive areas shall be liquid tight type with PVC jacket extruded over the steel conduit.
F Fittings and accessories
1 Fittings and accessories for all conduit types shall be approved for the purpose and equal in all respects to the conduit or raceway.
2 Fittings and accessories for metallic conduits shall be made of ferrous metal and galvanized after fabrication.
G Pull lines
1 Pull line shall be 1/8 inch diameter, yellow color.
2 Pull lines shall be Tubbs Cordage "Polyline" or approved equal.
H Wireways
1 NEMA type
a NEMA-1 for dry locations
b NEMA-3R or NEMA-4 for damp and wet locations
c NEMA-4X for corrosive locations
2 Metal type
a Non-corrosive locations: mild steel
b Corrosive locations: stainless steel
3 Thicknesses
a 6”x6” cross-section and smaller: 16 gauge
b 8”x8” cross-section and larger: 14 gauge
4 Finish: The entire enclosure shall be finished as follows:
a Degreasing
b Cleaning
c Phosphatizing
d Electrostatic deposition of polymer polyester powder coating followed by baking to produce a hard durable finish.
1 The average thickness of the paint film shall be 2.0 mils.
2 Paint film shall be uniform in color and free from blisters, sags, flaking and peeling
e Finish shall conform to UL 50 and UL 50E.
f Color shall match surrounding area.
5 Covers
a Wireways shall have hinged covers.
b NEMA 3R, 4 and 4X wireways shall be a gasket on the inside of the cover to seal the wireway when cover is closed.
c Covers shall have latches to secure the cover in the closed position.
6 Wireways shall be UL listed.
I Raceways shall be UL listed.

2.2	WIRE AND CABLE

A Conductors for power and lighting systems 600V or less:
1 Conductors shall be 90°C rated.
2 Conductors size #12 AWG and larger shall be stranded copper.
3 Type:
a THWN for wet or underground locations
b THHN for dry locations.
c 90°C rated
4 Minimum conductor size for voltage drop:
a Minimum size #12 AWG for runs 50 feet or less for 208/120V systems or 100 feet or less for 480/277V systems
b Increase conductor by one size by one method below:
1 For each additional 50 feet for 208/120V systems or 100 feet for 480/277V systems.
2 Calculate voltage drop and size as directed by CEC Voltage Drop Restrictions.
c Underground circuits shall be #8 AWG minimum wire, unless otherwise noted.
d Once the contractor has determined conductors’ route, calculate the minimum size to meet maximum voltage drop allowed per CEC using Dmin=C*L*I/(VD*N).
1 Dmin is the minimum diameter (circular mills)
2 C=24 for copper, C=39 for aluminum
3 L is conductor length (feet)
4 I is the current (amps)
5 VD is the maximum allowable voltage drop (volts)
6 N is the quantity of parallel conductors per phase
5 Minimum size conductors for OCPD shall be determined from CEC Table 310.16 with ampacity corrected for 115°F.
6 Conductor size shall the largest size to meet maximum voltage drop (2.2 A 4) and to meet CEC ampacity requirements (2.2 A 5).
B For Signal and Communication Circuits:
1 Special Cables:  As specified on Drawings.
2 Conductors for general communications use:  Stranded copper conductor, #16 AWG minimum, with THWN insulation for underground or wet locations and THHN insulation for dry locations.
3 Ends of stranded conductors shall be tinned.

2.3	OUTLET BOXES, JUNCTION BOXES, AND PULL BOXES

A Above ground locations
1 Outlet Boxes
a Hot-dipped galvanized after fabrication
b Of required size, minimum 4 inches square, for flush mounted devices and lighting fixtures
c Cast type with gasketed covers for outdoor or wet locations.
d Device and fixture back boxes shall be 2-1/4” deep, minimum.
2 Junction and Pull Boxes
a Use outlet boxes with appropriate covers as junction boxes wherever possible.
b Larger junction and pull boxes
1 Sheet steel, hot dipped galvanized after fabrication, finished gray baked enamel
2 Sized according to code
3 Screw-on covers.
B In-ground pull boxes, handholes, and manholes
1 Precast concrete type with required extension collars.
2 Covers
a Lids shall be steel or reinforced concrete, as shown on plans. Pull box lids in traffic areas or large grassy areas subject to mowing by riding mowers shall traffic rated.
b Covers shall include hold down bolts.
c Top of cover shall be flush with top of box.
d Covers shall be identified as ELECTRICAL, SIGNAL, or COMMUNICATIONS unless otherwise specified.
3 Size boxes as indicated on Drawings. If size is not indicated on Drawings, use CEC as a minimum requirement.
4 Boxes shall have 2” thick (minimum), reinforced concrete bottoms with 1” diameter drain hole over 12” of crushed rock.
5 Boxes shall have approved cable supports. 
6 Concrete encased stubs for handholes extending five (5) feet beyond handhole.
7 All pull boxes shall be no smaller than a Christy N-9.
8 All pull boxes shall be set flush to finished grade and shall have an 8-inch wide by 3-inch thick concrete mow strip poured around it.
9 Manufacturer shall be Brooks Products, Oldcastle Enclosure Solutions (Christy), Jensen Precast, or approved equal.
10 All sections between box, extension rings, etc. and penetrations shall be sealed with mortar.
C Floor Boxes
1 Provide Walker or equal Modulink non-metallic floor box for concrete areas.
2 Provide quantity of boxes required to accommodate each device.
3 Provide Walker Wood Floor Boxes at wood floors provide quantity required to accommodate each device.
4 Provide brass flip cover lids.
D Outlet boxes, junction boxes, pull boxes, etc. recessed in a concrete wall shall be deep masonry boxes.

2.4	CONDUIT AND EQUIPMENT SUPPORTS

A Conduit supports
1 For Individual conduit runs not directly fastened to the structure: Rod hangers
2 For multiple conduit runs:  Trapeze type conduit support designed for maximum loading deflection not exceeding manufacturer's recommendations.
B Materials
1 All materials not otherwise noted:
a Steel with the finished part hot dipped galvanized
b Stainless steel for corrosive or damp environments
2 All bolts and nuts shall be stainless steel.
C Supports anchored to earth shall be anchored in a concrete base per details.
D Manufacturers shall be Caddy, Unistrut, Powerstrut, or approved equal.
E All exposed channels shall have end caps made by the channel manufacturer and designed for use with the channel.

2.5	WIRE CONNECTORS

A For wire size #8 AWG and smaller:  Insulated, screw type, rated 105°C, 600V for building wiring and 1000V for fixtures; Scotchlok, Ideal, or approved equal.
B For wire size #6 AWG and larger:  T&B or approved equal screw type with 3M "#33+" or Plymouth "Slipknot Gray" tape insulation.
C Underground wire splices
1 Connect ends of conductors with copper compression connectors, 3M Scotchlok or approved equal.
2 Seal splice with inline resin splice kit approved for weather exposure, direct burial, and wet locations, 3M Scotchcast or approved equal.
D Only set screw, compression type connectors may be used for MC cables. Fish hook/open tang connectors are prohibited.

2.6	GROUNDING

A Ground Rods
1 3/4 inch diameter
2 Copper weld type
3 10 feet in length.
B Ground Wire: Conductors shall be medium-hard drawn, copper, and stranded, with sizes as shown on drawings.
C Utilize CADWELD Multi-System Exothermic Welding for below grade ground connections.
D Bolts, nuts, and washers shall be bronze, cadmium plated steel, or other corrosion resistant material approved for the purpose.

2.7	MISCELLANEOUS MATERIALS

A All screws, bolts, nuts, and washers on equipment outdoors or in wet or corrosive environments shall be stainless steel.

2.8	SEALANTS 

A General purpose sealant: One part polysulfide or polyurethane, Federal Standard TT-S-00230c or two-part polyurethane, Federal Standard TT-SS-227E of Mameco Vulkem 116 or 227 or approved equal product manufactured by Products Research and Chemical Corporation. Pecora, Sika, Sonneborn, or Tremco may be substituted under provisions of Section 016000.
B Conduit sealant
1 Two part, self curing urethane
2 Non-sagging
3 Liquid and gas tight
4 Chemically stable once cured
5 Compatible with conduit and conductor materials
6 Designed for use as conduit seal
C Fire retardant sealant: Dow Corning Company, Type 3-6548 silicone RTV foam sealant, closed cell, 18 lb. density, 2-part system with UL certification. Type 96-081 one-part sealant shall be used for small spaces and cracks. 3M Fire Barrier Caulk CP25 is also acceptable.

2.9	IDENTIFICATION

A Nameplates:
1 White, acrylic plastic suitable for indoor or outdoor use
2 Face colored as below with engraved, white, 3/16” minimum, Arial or similar font characters
a Equipment on normal systems: Black face
b Equipment on emergency systems: Red face
3 Clear plastic overlay suitable for indoor or outdoor use that can be replaced if vandalized.
4 Sign shall include device name, voltage, and size.
5 Outdoor nameplates shall be UV stable and fade resistant.
B Pull line identification tags:
1 Aluminum plate
2 1/8” tall (minimum), Arial (or similar) font, identifying text stamped on plate
3 Tags shall describe conduit’s length, source, and destination.


PART 3 – EXECUTION

3.1	GENERAL

A Electric system layouts indicated on the Drawings are generally diagrammatic but shall be followed as closely as actual construction and work of other trades will permit.  Govern exact routing of cable and wiring and the locations of outlets by the structure and equipment served.  Dimensions shall be taken from Architectural Drawings.
B Consult all other Drawings.  Verify scales and report any dimensional discrepancies or other conflicts to Owner’s Representative before submitting bid.  
C Home runs to panelboards are indicated as starting from the outlet nearest the panel and continuing in the general direction of that panel.  Continue such circuits to the panel as though the routes were completely indicated.  Terminate homeruns of signal, alarm, and communications system in a similar manner.
D Avoid cutting and boring holes through structure or structural members wherever possible.  Obtain prior approval of Owner’s Representative and conform to structural requirements when cutting or boring the structure is necessary or permitted.
E Furnish and install necessary hardware, hangers, blocking, brackets, bracing, runners, required for equipment specified under this section.
F Provide necessary backing required to insure rigid mounting of outlet boxes.
G Install pull line in all conduits to remain that will have their conductors removed.

3.2	INSTALLATION OF CONDUIT

A Run conduit concealed unless otherwise noted or shown on Drawings.
B Run exposed conduit parallel to or at right angles to center lines of columns and beams.
C Run no conduit in concrete slabs or floors except at point of penetration.  Penetrations shall be at right angles to slab surfaces.
D Install conduit above ceilings to avoid obstructing removal of ceiling tiles, lighting fixtures, air diffusers, etc.
E Conduit shall not cross any duct shaft or area designated as future duct shaft. Coordinated with mechanical work to avoid any conflict.
F Install pull line in empty conduit installed under this contract. Provide and install labels as describe in “Identification” sub-section.
G Spare conduits shall be capped to prevent intrusion of moisture and foreign objects.
H Minimum conduit size shall be 1/2 inches when installed above ground and 3/4 inches when installed underground or under building slabs.  Increase conduit size as required for wiring.  Size for conduit, unless specifically shown otherwise, shall be determined from Table 3 for all conductors, Chapter 9 of latest National Electric Code.
I Conduit shall be rigid conduit, IMC, EMT, or plastic as follows:
1 Above ground and dry locations:  Use rigid conduit, IMC or EMT.
a Wet locations:  Rigid conduit, IMC.
b Locations subject to mechanical injury:  Rigid conduit or IMC only.
c In concrete walls or block walls:  Rigid steel conduit or IMC only.
d Dry locations and not subject to mechanical injury:  EMT (interior locations only), IMC, or rigid conduit.
2 Underground:  Use wrapped rigid steel or plastic.
a Schedule 40 PVC:  For use underground where protected by concrete slabs, asphaltic pavement, or concrete walkways.  Use steel elbows for plastic conduit runs penetrating floor slabs.  Bends in plastic conduit other than normal long sweeps shall be made only with factory formed ells or curved segments.  Heat bending may not be used.  Sections of rigid steel conduit runs are required where direction changes. In all cases where use of plastic conduit is allowed or specified, Contractor may, at his option, use rigid steel conduit.
b Underground conduits shall have red 4” wide identifying caution tape reading "CAUTION ELECTRICAL LINE BELOW”, length as required and installed 12” above all conduits runs.
c Do not install plastic conduit in rock base.
d Underground conduit entering building shall be provided with one (1) 10 foot section of rigid steel conduit at point of penetration of foundation, footing or basement wall, with approximately equal lengths inside and outside building line, unless otherwise noted.
3 Bends
a Make risers to grade with rigid steel long radius sweep conduit and rigid steel elbow fittings only.
b Minimum radius of sweeps shall be 24 inches.
J Burial depth of conduit shall be as follows:
1 Concrete encased:  24 inch minimum for 600V or lower systems to top of concrete encasement.
2 Conduit without concrete encasement or cap:  24 inch minimum to top of conduit.
3 When installed under buildings, the above minimum depth shall be 18 inches below bottom of floor slab.
K Use flexible steel conduit in the following applications:
1 Recessed lighting fixtures.
2 Motor connections.
3 Connection between fan plenum and structure.
4 At expansion joints.
5 At transformers and other equipment which produce vibration.
L Provide junction boxes/pull boxes as required to limit any power system conduit run to a maximum of four (4) 90 degree bends (two (2) 90 degree bends for signal communication system conduit runs) or to avoid "U" bends.
M Conduit Supports:
1 Support conduit with Underwriters' Laboratories listed conduit support intervals required by the California Electric Code.
2 Wire or sheet metal strips are not acceptable for conduit not directly fastened to structure or for multiple conduit runs.
3 Individual conduit 1/2 inch and 3/4 inch size may be supported from ceiling support wire with Caddy clips only if acceptable to local code.  Only one conduit is permitted to be attached to any ceiling support wire.  Hang such conduit so as not to affect level of ceiling.
4 Avoid attaching conduit to fan plenums.  When it is necessary to support conduit from fan plenum, provide a length of flexible conduit between the section attached to the fan plenum and other sections. Provide a length of flexible conduit between the portion attached to the building to minimize transmission of vibration to the building structure.
N Conduit penetration of roof, walls, floors and ceilings shall be sealed to preserve the integrity of waterproofing, fire rating and soundproofing for which the roof, wall, floor or ceiling is designed.  Materials and methods used shall conform to that specified under Architectural sections.
O Underground conduit and ducts 2 inches and larger shall be proven clear by pulling through a mandrel 1/4 inch smaller than the inside diameter.
P Where flush branch circuit panelboards or terminal cabinets are shown on walls, stub a minimum of four (4) 1 inch empty conduit into overhead ceiling spaces and four (4) 1 inch empty conduit into space below floor (if any) in addition to conduit required for circuit wiring.
Q Paint all exposed conduit to match its surroundings.
R Plastic conduits exposed to sun light shall be UV stabilized.
S Where rigid steel conduit runs in direct contact with the earth, conduit shall be wrapped   with 10-mill PVC tape to form 40 mil of protection, or shall have factory applied PVC coating.
T Label all conduits at each terminus, pull box, and junction box.
U All conduits shall have a minimum of one pull line.
V All pull lines shall be tagged at both ends so as to indicate the length of the conduit run, source, and the destination.

3.3	INSTALLATION OF WIRE

A Install all wiring in raceway unless specifically shown or noted otherwise.
B Pull no wire into any portion of the conduit system until construction work which may damage the wire has been completed.
C Install wire continuous from outlet to outlet or terminal to terminal.  Splices in cables when required shall be made in handholes, pull boxes or junction boxes.  Make branch circuit splices in outlet boxes with 8 inches of correctly color-coded tails left in the box.
D Make splices in wires and cables utilizing specified materials and methods.
E Cables and wires passing through handholes shall be full looped inside the handhole (360 degree) and supported on galvanized steel racks, beginning 10” above the bottom of the handhole.  Leave handhole in clean condition with debris removed.
F Make ground, neutral, and line connections to receptacle and wiring device terminals as recommended by manufacturer.  Provide ground jumper from outlet box to ground terminal of devices when the device is not approved for grounding through the mounting screws.
G Provide Brady wire markers where number of conductors in a box exceed four (4).
H Wiring shall be tested for continuity (600V and below).  All systems shall be entirely free from grounds, short circuits, and any or all defects.
I Measure and record the insulation resistance of 600 volt insulated conductors size #4/0 AWG and larger using a 500 volt megger for one minute.  Make tests with circuits isolated from source and load.
J All conductor bends must have a radius greater than or equal to the manufacturer’s listed bending radius.
K Label all conductors at each terminus, pull box, and junction box.

3.4	WIRE COLOR CODE

A Color code conductors.  Wire sized #8 AWG and smaller shall have integral color coded insulation.  Wire sizes #6 AWG and larger may have black insulation but shall be identified by color coded electrical tape at junction, splice, pull and termination points.  Apply color tape with 1/2 lap to at least 6 inches of the conductor.
B Color code wire as follows:
Conductors	208/120V	480/277V
Phase A	Black 		Brown
Phase B	Red		Orange
Phase C	Blue 		Yellow
Neutral		White		White or Gray (consistent throughout facility)
Ground	Green 		Green

3.5	CONNECTIONS TO EQUIPMENT

A General:
1 Furnish and install required power supply conduit and wiring to equipment.  See below for other wiring required.
2 Furnish and install a disconnect switch immediately ahead of and adjacent to each magnetic motor starter or appliance unless the motor or appliance is located adjacent to and within sight of the serving panelboard, circuit breaker or switch.  Verify equipment nameplate current ratings prior to installation.
3 Mount motor starters including those furnished under other sections or specifications and provide power wiring to them.
4 Install rough-in work for equipment from approved shop drawings to suit the specific requirements of the equipment.
5 Furnish and install magnetic motor starters that are shown on the Drawings or specified under other divisions to be furnished under this division of work.  Verify equipment nameplate ratings prior to installation and furnish adequately rated starters for the loads.
6 Furnish and install manual thermal protection for motors not integrally equipped with thermal protection.
7 Furnish and install 120V power to each control panel and time switch requiring a source of power to operate.
B Heating, ventilating, and air conditioning equipment:
1 Coordinate with mechanical contractor for sizes, locations and details of motors, heating units, and control requirements.
2 Provide required power supply conduit and wiring to equipment.
3 Provide a suitable means of disconnect switch immediately ahead of and adjacent to each motor and appliance unless the motor or appliance is located adjacent and within sight of the service panelboard, circuit breaker or switch at a distance allowed by codes. Verify equipment nameplate current ratings prior to installation.  Provide a disconnect means at each magnetic motor starter.
4 Provide magnetic motor starters required under this division of work.
5 Provide manual thermal protection for motors not integrally equipped with thermal protection.
6 Line and low voltage temperature control and interlock wiring, conduit, and required connections are a part of other divisions unless specifically shown or noted on the Drawings as to be furnished under this section.
7 Provide 120V power supply to control panels, time switch furnished and installed under other divisions of work.
8 Furnish and install 120V power to each duct detector scheduled for operation of fire dampers or shut down of mechanical equipment. Coordinate the exact quantity and locations with the mechanical drawings.
C Plumbing and other contractor-furnished and Owner-furnished equipment:
1 Required power and control conduit, wiring and connections are included under this section of the work.  Control sensing and alarm devices will be furnished under the respective section of the contract supplying the equipment unless noted otherwise.  These devices will be located in pipes, ducts, vessels, tanks, etc., and will be mounted in a place by the Contractor furnishing the devices.  Other devices shall be mounted under this section of the work.
2 Control panels for packaged equipment will be furnished under the respective section of the contract supplying the equipment unless otherwise noted.  Installation and connection of the control panels are under this section of the work.

3.6	SYSTEM NEUTRAL GROUND

A Ground the neutral conductor of each transformer to limit the maximum potential above ground due to normal operating voltage and limit the voltage level due to abnormal conditions.
B Ground transformers with secondary voltage 600V class or less as follows:  3 phase, 4 wire wye connected:  ground neutral point.
C For transformers 75kVA size or lower with primary voltage 480V or lower, the primary equipment ground conductor may be used for grounding the secondary neutral provided it is adequately sized in accordance with CEC system ground conductor size.

3.7	EQUIPMENT GROUND

A Ground non-current carrying metal parts of electrical equipment enclosures, frames, or conductor raceways to provide a low impedance path for line to ground fault current and to bond all non current carrying metal parts together.  Install a ground conductor in each raceway system.  Equipment ground conductor shall be electrically and mechanically continuous from the electrical circuit source to the equipment to be grounded.  Size ground conductors per CEC 250.102(C)(1) and 250-122 unless otherwise shown on drawings.
B Grounding conductors shall be identified with green insulation.  Where green insulation is not available, on larger sizes, black insulation shall be used and suitably identified with green tape at each junction box or enclosure device.
C Install metal raceway couplings, fittings and terminations secure and tight to insure good ground continuity.  Provide grounding bushing and bonding jumper where metal raceway is not directly attached to equipment metal enclosure and at concentric knockouts.
D Lighting fixtures shall be securely connected to equipment ground conductors.  Outdoor lighting standards shall have a factory installed ground for terminating the ground wire.
E Motors shall be connected to equipment ground conductors with a conduit grounding bushing and with a bolted solderless lug connection on the metal frame.

3.8	STRUCTURAL GROUND

A Concrete encased electrode shall be 2 inches above the bottom of concrete footing where shown on drawings.  See drawings for details.
B Domestic, chilled and hot water mains and fire protection metallic water pipes shall be connected to the ground bus with #4/0 AWG bare copper conductor at a minimum of two points. 
C Miscellaneous metal objects including piping, vessels and structural shapes within six feet of metallic objects connected to the ground system and which are not interconnected mechanically with the grounding system, shall be interconnected with a minimum #6 AWG bare copper conductor.

3.9	IDENTIFICATION

A Provide and install nameplates on all switchboards, distribution boards, panels, motor starters, VFDs, transformers, safety switches/disconnects, push buttons, selector switches, pilot lights, and other similar devices. Fasten nameplates to equipment with one sheet metal screw at each corner.
B Provide and install labels on lighting switches and convenience and special purpose receptacles to show panel and circuit number to which the device is connected.
C Provide and install identification tags on all conduit pull.
D Provide label meeting ANSI Z535 standards on motors reading:
WARNING
AUTOMATIC EQUIPMENT
MAY START AT ANY TIME
E Provide labeling at each new panel and disconnect indicating the panel name circuit number supplying the equipment as well as the name of the upstream panel and downstream panel as applicable to panels and transformers.

3.10	CIRCUIT BREAKER ELECTRICAL COORDINATION STUDY

A If required, contractor shall provide a coordination study to determine trip settings of circuit breakers.

3.11	ARC FLASH STUDY

A If required, contractor shall provide a study to determine potential arc flash energy.
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